Background: Loss of follow-up represents a potential source of bias. Suggested guidelines propose 20% loss of follow-up as acceptable. However, these guidelines have not been established through scientific investigations. The goal of this study was to evaluate how loss of follow-up influences the statistical significance in a trauma database.
INTRODUCTION
Loss of follow-up is a frequently encountered problem in orthopaedic outcome studies. 1 In particular, long-term outcome studies involving trauma patients may easily become affected by missing patients, who are lost to follow-up. In many instances, it remains unclear why patients drop out of research studies, and multiple factors may contribute to this problem. These may include financial barriers (insufficient funds to pay travel stipends), logistical problems (investigators unable to locate patients), language barriers (patient unable to complete questionnaire), or patient refusing participation in study (because of time commitment or dissatisfaction with care). Nearly any clinical orthopaedic study faces the issue of loss of followup. Recruiting patients for follow-up examinations seems to be particularly challenging in long-term outcome studies in trauma populations. Loss of follow-up will bias the study results if the included patients are not representative of the entire patient population. It must be assumed that any loss of follow-up may potentially bias the study results. However, it seems unrealistic to expect a 100% rate of follow-up in most orthopaedic patient populations.
Guidelines in the literature on how much loss of followup can be considered as acceptable are limited. Sackett et al 2 proposed that fewer than 5% loss of follow-up leads to little bias, whereas greater than 20% loss of follow-up may seriously threaten the validity of data. Based upon Sackett's original recommendations, some of the major orthopaedic journals including The Journal of Bone and Joint Surgery American and Clinical Orthopaedic and Related Research downgrade the level of evidence of prospective randomized clinical trials from level 1 to level 2 if more than 20% of patients are lost to follow-up (www.ejbjs.org, Last Accessed April 21, 2011; www.clinorthop.org, Last Accessed April 21, 2011). However, these suggested guidelines were arbitrarily derived and have not been established through scientific investigations.
The goal of this simulation study was to evaluate how the rate of loss of follow-up influences the statistical significance in a database of trauma patients. We hypothesized that a loss of follow-up of 20% will frequently change the significance of the study results.
MATERIALS AND METHODS

Database Used in This Study
In this simulation study, the database from the Hannover Rehab study was used. 3 Results from this database were reported in previous publications. [3] [4] [5] [6] [7] The database includes the outcome data of 637 polytrauma patients who were reexamined at an average follow-up of 17.5 years (range, 10-28 years) after their injury. As reported in a previous publication, 3 one of the significant findings from this outcome study was that the functional outcome in workers' compensation patients was significantly worse than in nonworkers' compensation patients. In this previous publication, a logistic regression model with adjustments for age, gender, injury severity score (ISS), 8 and the presence of head injuries was used. The main outcome measure was the Hannover Score for Polytrauma Outcome (HASPOC). 9 The results from this previous study demonstrated that the workers' compensation group had significantly worse outcome scores than the nonworkers' compensation group [odds ratio (OR), 1.8; 95% confidence interval, 1.2-2.6].
Simulation of Loss of Follow-Up
For the purpose of the present simulation study, we considered the sample size of 637 polytrauma patients included in this database as the complete sample size. Losses of follow-up were simulated by randomly deleting an increasing number of patients from these 637 patients using a computerized random generator. The simulated loss of follow-up was gradually increased from 2%, 5%, 10%, 15%, and then increasing in increments of 5%. Each simulated loss of follow-up yielded a new data set with a decreased sample size. For each created data set, we repeated the logistic regression with adjustments for age, gender, ISS, and head injuries to compare the outcome scores of workers' compensation versus nonworkers' compensation patients. The simulated loss of follow-up was gradually increased in increments of 5% (2%, 5%, 10%, 15%, .) until the difference between workers' compensation and nonworkers' compensation patients was no longer significant at the level of P = 0.05.
The process of gradually increasing the simulated loss of follow-up until the significant difference between workers' compensation and nonworkers' compensation patients changed was repeated 50 times. A different computerized random generator was used for each of these 50 simulation series. In each of these 50 simulation series, we documented the simulated loss of follow-up at which the difference between workers' compensation patients and nonworkers' compensation patients turned from significant to nonsignificant at the level of P = 0.05.
"Best" and "Worst Case Scenarios"
In addition, we performed 2 more simulation series to create "best" and "worst case scenarios." Thus, we performed one simulation series in which we simulated loss of follow-up only of the patients with the worst outcome scores ("I am not happy with my care and will not come back"). In this scenario, we gradually deleted the patients with the worst outcome scores from the database using the same incremental steps as above (2%, 5%, 10%, 15%, .). The simulated loss of follow-up of the patients with the worst outcome scores was gradually increased until the difference between workers' compensation patients and nonworkers' compensation patients was no longer significant at the level of P = 0.05. Similarly, we performed one simulation series in which we simulated loss of follow-up of the patients with the best functional recovery ("I feel fine and will not bother coming back"). The simulated loss of follow-up of the patients with the best outcome scores was gradually increased until the difference between workers' compensation patients and nonworkers' compensation patients was no longer significant.
Statistical Methods
P , 0.05 was considered significant for all statistical analyses. The functional outcome of workers' compensation patients versus nonworkers' compensation patients as measured by the HASPOC was compared using a logistic regression model. The logistic regression model used in this simulation study was identical with the model reported in a previous publication 3 and will be introduced here. The continuous variables age as of injury, ISS, and HASPOC were tested for normal distribution. Because none of these variables demonstrated normal distribution, these continuous variables were divided into groups for further statistical analysis. The age as of injury was divided into quartiles (3-18 years; 19-23 years; 24-33 years, and 34-60 years); the ISS was divided into 3 groups (0-15; 16-25; and .25); the HASPOC was divided into quartiles (,27.9; 27.9-54.4; 54.4-89.5; and .89.5).
The patient population was divided into workers' compensation patients and nonworkers' compensation patients. A univariate analysis was performed to compare the patients' demographic variables, ISS, and injured body regions, as categorized according to the Abbreviated Injury Scale (head, face, neck, chest, abdomen, spine, upper extremity, lower extremity, and skin). 10 All variables were compared using the x 2 test. This univariate analysis demonstrated that age, gender distribution, ISS, and incidence of head injuries were significantly different (P , 0.05) or trended different (0.05 , P , 0.15) between workers' compensation patients and nonworkers' compensation patients. For this reason, these variables were included into the logistic regression model.
A logistic regression was performed and the outcomes between workers' compensation patients versus nonworkers' compensation patients were compared using the HASPOC. The potentially confounding variables age, gender, ISS, and incidence of head injuries were included in the logistic regression. The ORs and 95% confidence intervals were calculated for the workers' compensation group, with nonworkers' compensation patients as the reference group.
To simulate loss of follow-up, subjects were randomly deleted from the database using a computerized random generator. Following each deletion of subjects, the newly created data set was used to repeat the logistic regression analysis. The same logistic regression model was used throughout the study for all simulated losses of follow-up.
RESULTS
Among the 50 simulation series, the turning point from significant to nonsignificant varied between a simulated loss of follow-up of 15% (Table 1 ) and a simulated loss of followup of 75% ( Table 2 ). The average turning point from significant to nonsignificant was at 40% ± 18.3 simulated loss of follow-up.
In 14 of the 50 simulation series (28%), the results changed from significant to nonsignificant with a simulated loss of follow-up of 20% or less; and a simulated loss of follow-up of 30% changed the significance of the study results in 48% of the simulation series (Table 3 , Fig. 1 ). Nonsignificant results were not observed with a simulated loss of follow-up of 2%, 5%, and 10%. Among all consecutive random deletion series, the ORs of the statistically significant data sets ranged between 1.56 and 2.7 (as compared with 1.8 in the complete data set).
The consecutive deletion of the patients with the best HASPOC scores showed a change from significant to nonsignificant results at 30% loss of follow-up. Consecutive deletion of the patients with the worst HASPOC scores changed the significance of the study results at 20% loss of follow-up.
DISCUSSION
Statistical analysis of incomplete data sets provides potentially biased results. Loss of patient follow-up seems to be a common reason for incomplete data sets in orthopaedic outcome studies. In particular, long-term outcome studies in trauma populations seem to be vulnerable to loss of followup. Based on previous postulations, a loss of follow-up of 20% or less has been suggested as acceptable. 2 However, these suggested guidelines seem arbitrary and to our best knowledge, have not been studied in previous investigation. Our study suggests that even with a relatively large database and a robust statistical model, a loss of follow-up of 20% or less may not be acceptable and may frequently change the study results. Thus, in our simulation study, a simulated loss of follow-up of 10% did not change the statistical significance in any of the simulation series; a simulated loss of follow-up of 15% changed the statistical significance in 8% of the simulation series; and a simulated loss of follow-up of 20% changed the statistical significance in 28% of our simulation series. It was also remarkable that a simulated loss of followup of "only" 30% changed the significance of the study results in as many as 48% of the simulation series. Based on our investigation, we suggest that a loss of follow-up of 20% cannot be considered as universally acceptable for outcome studies in the orthopaedic trauma population. The minimum loss of follow-up that potentially may bias study results certainly depends on the data sets used and may strongly vary among different databases. However, we suggest that similar to our used database, most orthopaedic databases, in particular those with smaller numbers of enrolled subjects may not tolerate a loss of follow-up of 20%.
Another remarkable finding of our study was the wide range of ORs. Across all 50 simulation series, the ORs with statistical significance ranged from 1.56 (suggesting a difference of 56% between the groups) to 2.7 (suggesting a difference of 170%). This wide range of ORs indicates that loss of follow-up not only influences the statistical significance but also the estimated difference between 2 study populations. We believe that for most clinical questions in orthopaedic trauma surgery, an estimated difference between 2 groups of 56% versus an estimated difference of 170% represents a bias of the study results that is likely to be clinically relevant.
Our study has both strengths and limitations. In this study, all simulations were performed using one database, and we cannot extrapolate our results to other databases. We chose a retrospective database since most orthopaedic trauma outcome studies have a retrospective design. However, we cannot make any suggestions for prospective databases. In addition, the database used in this study had a relatively large sample size for a long-term functional outcome study. This allowed us to work with a relatively robust statistical. We assume that by using a relatively large database for this study, simulation of relatively minor losses of follow-up had less impact on the statistical significance. We can only speculate about simulation studies with smaller databases, but we assume that in most trauma databases with smaller sample sizes, the statistical significance may change earlier and with lower losses of follow-up. In addition, many of our conclusions were based on random loss of follow-up simulations. This does not quite reflect the clinical scenario, where loss of follow-up is most likely not a truly random phenomenon. However, at this juncture, the exact demographic, social, and medical factors associated with loss of follow-up in the trauma population have not been fully defined. To simulate nonrandom loss of follow-up, we included best and worst case scenarios, simulating gradual loss of follow-up of the patients with the best functional recovery and gradual loss of follow-up of the patients with the worst functional recovery, respectively. We acknowledge that this simulation of nonrandom loss of follow-up does not account for other demographic, social, and medical factors that may play a role for loss of follow-up in the trauma population.
Studies in the literature investigating the impact of loss of follow-up on the results of a study are limited. To our best knowledge, similar investigations have not been published in the literature, and our study seems to represent a novel aspect to the current orthopaedic literature. As stated above, current recommendations of major orthopaedic journals (www.ejbjs. org, last accessed April 21, 2011; www.clinorthop.org, last accessed April 21, 2011) are derived from previous postulations 2 that have not been tested in scientific investigations. However, recent investigations have discussed statistical models for the treatment of missing data such as data imputations models. [11] [12] [13] In multiple imputation models, missing values are estimated using existing values from other variables that are known to be correlated with the missing variables. The estimated values are imputed into the data set, which creates a complete imputed data set. This process of creating complete imputed data sets is repeated multiple times, which creates multiple complete imputed data sets. Standard statistical analysis is the performed for each imputed data set. The analyses from all imputed data sets are then combined into one overall result. Thus, multiple imputation models account for missing data by estimating their values using correlating variables while restoring the variability of the missing variables. This is a well-established method in the epidemiology literature. Future research will be needed to validate imputations models and to establish imputation models in the orthopaedic literature.
In conclusion, our study suggests that 20% loss of follow-up has a high chance of affecting the study results and may not be considered as universally acceptable for outcome studies in the orthopaedic trauma population. In our simulation study, 20% loss of follow-up changed the significance of the study results in 28% of our simulation series. In addition, simulation of loss of follow-up also resulted in an unpredictable variation of the estimated difference between the 2 study groups even when the results remained statistically significant. We recommend that to control loss of follow-up in clinical outcome studies, researchers should establish strategies to minimize loss of follow-up, and these strategies should be incorporated into the study protocols and grant proposals. 1, 4 Moreover, the actual loss of follow-up should be clearly stated in published abstracts and manuscripts. Future investigations should focus on establishing statistical models to analyze missing data, such as data imputation techniques. These statistical models have been widely reported in the epidemiology literature, [11] [12] [13] but are rarely used in the orthopaedic literature. 
